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METHOD AND APPARATUS OF PACKAGING DISK DRIVES IN A DATA STORAGE 

SYSTEM 

[0001 ] The present invention relates to the method and apparatus for packaging a 

5 plurality of disk drives for use in a data storage system. The present invention describes a 

technique for optimum packaging of a large number of disk drives to obtain the highest density 
of storage with maximum reliability and serviceability. 

[0002] BACKGROUND OF THE INVENTION 

10 [0003] A typical disk drive is a commercially available hard disk drive of any capacity 

and transfer rate that fit in a 31/2 inch form factor. It is a common practice to utilize multiple 
hard disk drives in a storage system to attain high storage capacities. Current designs of storage 
systems have either packaged individual disk drives or mounted disk drives in an array or 
drawer. Packaging is generally understood to provide mechanical mounting and electrical 

15 interconnection for the disk drives. Packaging may also provide physical protection and a 
control function for each drive. 

[0004] The prior art packaging techniques have failed to achieve a very high density of 

disk drive packaging technique that is both cost-effective and easily serviceable by a technician. 
The typical prior art techniques are too bulky to be considered for many applications. The 
20 typical prior art techniques are also difficult to service, causing excessive down time for the 
storage system during required servicing times, such as when a disk drive fails. The excessive 
down time degrades the usefulness of the storage system to the operator and may cause a great 
inconvenience to operators who desire to access the disk data in the storage system. 
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[0005] SUMMARY OF THE INVENTION 

[0006] The arrangement of the present invention enables maximizing the number of disk 

drives that can be effectively used in a rack or cabinet configuration. The technique of the 
5 present invention is extendable in both vertical and horizontal directions to optimize packing 
density of disk drives at a higher volume level. The present invention allows a user to save floor 
space while obtaining a high volume storage system. The present invention eliminates the need 
for a technician to individually connect or wire each disk drive and also enables easy and 
convenient serviceability of the disk drives 4. The present invention allows replacement of 
10 individual failed disk drives without disturbing the other disk drives in the storage system or the 
removable and serviceable storage module (RSM) and hence, without impacting the security of 
the majority of the data contained in the storage system. 

[0007] A storage device of the present invention may comprise: a cabinet capable of 

holding a plurality of RSM that is capable of containing a plurality of storage device or disk 

15 drives, the cabinet having a docking port being configured to electrically connect to the RSMs; 
each RSM of the plurality of RSMs may include: a board having a plurality of ports, each port of 
the plurality of ports being capable of electrically connecting to a storage device, and the 
plurality of ports being arranged in rows so that a plurality of storage devices are arranged in 
rows with a lateral surface facing parallel to a lateral edge of the board when said plurality of 

20 storage devices are connected to said board. 

[0008] In the storage device of the present invention each RSM may further include a 

side housing member having raised portions and lowered portions, the raised portions providing 
a channel to allow airflow through the RSM. 
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[0009] In the storage device of the present invention each RSM may further include a top 

housing member having lateral raised portions and lateral lowered portions, the lateral raised 
portions providing a channel to allow airflow through the RSM. 

[0010] In the storage device of the present invention the top housing member may 

5 include a plurality of individually removable segments. 

[001 1] In the storage device of the present invention each RSM may further include a 

bottom housing portion having raised bottom portions and lowered bottom portions, the raised 
bottom portions providing a channel to allow placement of a controller to control storage devices 
attached to the board and to allow placement of power and control interconnections to the 
1 0 plurality of ports. 

[0012] In the storage device of the present invention the board may further include an 

electrical connector capable of electrically connecting the RSM to said docking port in the 
cabinet. 

[0013] In the storage device of the present invention the board may further include a 

15 latching mechanism capable of mechanically connecting said RSM to said docking port in said 
cabinet. 

[0014] In the storage device of the present invention each RSM of said plurality of RSMs 

may be configured to be electrically disconnected and mechanically removed from a docking 
port within the cabinet by a single operation, and to allow a single disk drive of the plurality of 
20 disk drives to be removed without disturbing a connection of other disk drives connected to the 
board of the RSM. 

[0015] A storage apparatus according to the present invention may comprise: a board 

having a plurality of ports, each port of the plurality of ports being capable of electrically 
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connecting to a storage device, and the plurality of ports being arranged in rows so that a 
plurality of storage devices are arranged in rows with a lateral surface facing perpendicular to a 
lateral wall of the board and control connectors on the storage devices face and connect to a port 
when the plurality of devices are connected to the board; and a housing holding the board and 
5 configured to hold a plurality of devices in rows with a lateral surface of the storage devices 

facing perpendicular to a lateral wall of the board when said plurality of devices are connected to 
the board. 

[0016] In the storage apparatus of the present invention, the board may further include an 

electrical connector capable of electrically connecting the storage apparatus to an external 
10 control device. 

[0017] In the storage apparatus of the present invention, the board may further include a 

latching mechanism capable of mechanically connecting the storage apparatus to an external 
control device. 

[0018] In the storage apparatus of the present invention, the storage apparatus is 

15 configured to be electrically disconnected and mechanically removed from a docking port within 
the cabinet by a single operation, and to allow a single disk drive of the plurality of disk drives to 
be removed without disturbing a connection of other disk drives connected to the board. 
[0019] In the storage apparatus of the present invention, the said housing may be made of 

thermally conductive material. 
20 [0020] A method of packaging storage devices having a control connector on an end 

surface of each storage device according to the present invention may comprising the steps of: 
A) orienting a first storage device so that an end having a first storage device control connector 
faces a board and a lateral surface of the first storage device is parallel to a first lateral edge of 
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the board; B) pushing the first storage device on to the board so that the first storage device 
control connector becomes electrically connected to a first port on the board; C) orienting a 
second storage device so that an end having a second storage device control connector faces a 
board and a lateral surface of the second storage device is parallel to a second lateral edge of the 
5 board, and an opposite lateral surface of the second storage device is parallel to another lateral 
surface of said first storage device, the second lateral edge of the board being opposite to the first 
lateral edge of the board; and D) pushing the second storage device on to the board so that the 
second storage device control connector becomes electrically connected to a second port on the 
board. 

1 0 [002 1 ] In the method of packaging storage devices the board may have a plurality of 

ports arranged in rows, each port of the plurality of ports being capable of electrically connecting 
to a control connector, the method may further comprise the step of: repeating steps A through D 
until all of the plurality of ports are attached to a storage device. 

[0022] In the method of packaging storage devices may further comprise the step of: 

15 covering the board, said first storage device and the second storage device with a housing, the 
housing having side housing member having raised portions and lowered portions, the raised 
portions providing a channel to allow airflow through the RSM. 

[0023] In the method of packaging storage devices the housing may further include a 

bottom housing portion having raised bottom portions and lowered bottom portions, the raised 
20 bottom portions providing a channel to allow placement of a controller to control storage devices 
attached to the board and to allow placement of power and control interconnections to the 
plurality of ports. 
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[0024] In the method of packaging storage devices, the board may further include an 

electrical connector, and the method may further comprise the step of inserting the housing in a 
cabinet suited for holding a plurality of housings having a plurality of storage devices and 
electrically connecting the electrical connector to a docking port in the cabinet. 
5 [0025] In the method of packaging storage devices, the board may further include a 

latching mechanism capable of mechanically connecting the storage apparatus to an external 
control device, and the method may further comprise the step of latching the latching mechanism 
to the docking port in the cabinet. 

[0026] In the method of packaging storage devices, the steps of latching the latching 

10 mechanism and electrically connecting the electrical connector occur by the same action of an 
operator. 

[0027] In the method of packaging storage devices, may further comprise the steps of un- 

latching the latching mechanism and disconnecting the electrical connector occur by the same 
action of an operator. 

15 [0028] In the method of packaging storage devices, the action of pushing the first storage 

device in step B may electrically connect and mechanically connect the first storage device to the 
board in a single operation. 

[0029] In the method of packaging storage devices, the action of pushing the second 

storage device in step D may electrically connect and mechanically connect the second storage 
20 device to the board in a single operation 
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[0030] BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] The accompanying drawings, which are incorporated in and form a part of the 

specification, illustrate exemplary embodiments of the present invention and, together with the 
description, serve to explain the principles of the invention. In the drawings: 
5 [0032] Figure 1 illustrates a cut away view of a cabinet which may be used with the 

present invention; 

[0033] Figure 2 illustrates a partial cut-away frontal view of a RSM containing a plurality 

of disk drives in accordance with a preferred embodiment of the present invention; 
[0034] Figure 3 illustrates a partial cut-away frontal view of a RSM with a top cover 

10 removed containing a plurality of disk drives in accordance with the preferred embodiment of the 
present invention; 

[0035] Figure 4 illustrates a partial cut-away frontal view of a RSM with a top cover 

removed in accordance with the preferred embodiment of the present invention; and 
[0036] Figure 5 illustrates a board for mounting disk drives in accordance with the 

1 5 preferred embodiment of the present invention. 

[0037] DETAILED DESCRIPTION OF THE INVENTION 

[0038] Reference will now be made in detail to the present exemplary embodiments of 

the invention. 

20 [0039] Figure 1 illustrates a side cut-away view of a storage cabinet 1 which holds a 

plurality of RSMs 3 having a plurality of disk drives 4 in a data storage system 17. The cabinet 
preferably has front door 2 which may allow access to and removal of a RSM 3 from the cabinet 
1, as illustrated in Figure 1. Cabinet 1 may contain a power supply 5 which provides power to 
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the plurality of disk drives 4 through a power bus 8. Cabinet 1 may also contain a controller 7 
which monitors the plurality of disk drives 4 and regulates access to the plurality of drives 4, 
such as regulating information READ requests and storage WRITE request. Cabinet 1 may also 
contain a plurality of docking ports 9 which provide an electrical connection to a RSM 3 to allow 
5 electrical power to be provided to RSM 3 and/or to allow READ and/or WRITE access to the 
disk drives 4 in RSM 3. The electrical connection may be in the form of a plug connection. The 
docking port 9 may contain a power switch 10 which may be switched ON or OFF to selectively 
provide electricity to a RSM 3 while engaged with docking port 9. Docking port 9 may be 
connected to power supply 5 and controller 7 via wires 1 1 and 12, respectively. Cabinet 1 may 
10 also preferably contain a rear door 14 to allow access to components in the rear part of cabinet 1, 
such as docking port 9, switch 10 and wires 1 1 and 12. 

[0040] As illustrated in Figure 1 , RSM 3 may contain a handle 13. In a preferred 

embodiment, an operator may pull on handle 13 to slide RSM 3 horizontally along support 15 
and out of a bay 16 within cabinet 1, after the RSM has been powered off. In a preferred 

15 embodiment, the electrical connection of RSM 3 to docking port 9 is disconnected as RSM 3 is 
pulled away from docking port 9. In a preferred embodiment, RSM 3 may be electrically 
disconnected and removed from cabinet 1 by a single pulling action. An operator may also 
remove and replace an individual disk drive 4 from RSM 3, as illustrated in Figure 1 . 
[0041 ] The operator may reconnect RSM 3 to the data storage system by sliding RSM 3 

20 along support 15 within bay 16 of cabinet 1 and connecting RSM 3 to docking port 9. In the 
preferred embodiment, RSM 3 is electrically connected to docking port 9 as RSM 3 is fully 
inserted in cabinet 1, such as by being plugged into docking port 9, while the RSM has been 
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powered on. In a preferred embodiment, RSM 3 may be inserted in cabinet 1 and electrically 
connected to docking port 9 in a single operation. 

[0042] Figures 2-4 illustrates RSM 3 without the handle 13. As illustrated in Figures 2 

and 3, RSM 3 preferably holds two rows 41 of disk drives 4 mounted side by side on board 25. 
5 There may be any number of disk drives 4 within a row 41 . In the preferred embodiment, seven 
disk drives 4 may be contained in each row 41, thereby providing fourteen disk drives 4 within 
RSM 3. 

[0043] RSM 3 preferably contains top cover plates 21 and 22, which may be removable. 

Figure 2 illustrate RSM 3 with top cover plates 21 and 22 attached, and Figures 3 and 4 illustrate 

10 RSM 3 with top cover plate 21 removed. Although top cover plates 21 and 22 are illustrated as 
separate units, they may be integrally formed as one unit. RSM 3 may also preferably contain 
side plates 23 and bottom plate 24. Side plate 23 may be integrally formed with bottom plate 24 
as a single unit, as shown in Figures 2-4, or may be separate plates from bottom plate 24. In the 
preferred embodiment, handle 13 may be attached to RSM 3 with a front plate (not shown), 

1 5 which may be removable . 

[0044] As shown in Figures 2-4, top plates 21 and 22 may overlap ends of side plate 23. 

In the preferred embodiment, top plates 21 and 22, side plates 23 and bottom plate 24 mate 
together to cover and protect side, top and bottom surfaces of disk drives 4. In the preferred 
embodiment, the front plate (not shown) may also mate with any one of or all of top plate 21, 

20 side plates 23 and bottom plate 24 to cover and protect the front surface of disk drive 4. As 

shown in Figure 4, RSM 3 preferably contains a back plate 26 which may mate with any one of 
or all of top plate 22, side plates 23 and bottom plate 24 to cover and protect end surfaces of disk 
drives 4. 
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[0045] As illustrated in Figures 2-4, in the preferred embodiment, top plates 21 and 22 

contain a flat portion 35 which abuts or nearly abuts against side and top surfaces of disk drives 
4. Top plates 21 and 22 preferably contain a raised portion 27 which is spaced away from side 
surfaces of disk drives 4 to form a gap 30. Top plates 21 and 21 preferably mate with side plates 
5 23 by overlapping flat portion 36 (see Figure 3) of side portions 23 with raised portion 27. Flat 
portions 36 and 35 of side plates 23 abut or nearly abut against side and top surfaces of disk 
drives 4. Preferably, side plates 23 contain raised portions 28 and 29 which are spaced away 
from side surfaces of disk drives 4 to form gaps 31 and 32, respectively. 

[0046] Gaps 30, 31 and 32 are preferably sufficiently sized to allow adequate airflow for 

10 cooling disk drives 4. In the preferred embodiment, the optimum size of gaps 30, 31 and 32 may 
be empirically determined based on the heat generated by a typical disk drive 4 and the form 
factor of a typical disk drive 4. The optimum size of gaps 30, 31 and 32 is preferably, the 
minimum size that provides sufficient air flow to satisfy the cooling requirements of the disk 
drives 4. In the preferred embodiment, top plates 21 and 22, side plates 23 and/or bottom plate 
15 24 are made of thermally conductive material to further allow cooling of disk drives 4. For 

example, in a construction containing 14 disk drives and using aluminum of 0.063 inches thick 
for plates 21, 22, 23 and 24, the gaps 30, 31, and 32 may be about 0.216 inches wide. Also, as 
illustrated in Figures 2 and 3, a gap 40 may be located between the two rows of disk drives 4. 
[0047] As illustrated in Figures 2-4, bottom plate 24 preferably contains a raised portion 

20 33 which extends out from a flat portion 38 of bottom plate 24 to form gap 34. Gap 34 is 

preferably large enough to provide sufficient space for a digital controller (not shown) to provide 
control logic functions to disk drives 4 that may be attached to board 25, as a well as sufficient 
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space for providing power and control interconnections to the plurality of disk drives 4 contained 
in RSM 3. Flat portions 35 may serve to support board 25 in the preferred embodiment. 
[0048] The upper surface of board 25 is illustrated in Figures 4 and 5. Figure 4 illustrates 

RSM 3 without disk drives 4 and Figure 5 illustrates board 25 removed from RSM 3. In the 
5 preferred embodiment, board 25 may be a PCB board. As illustrated in Figures 4 and 5, board 
25 contains a plurality of ports 50. Each port 50 may preferably connect to an individual disk 
drive 4 as a plug-in connection through which electricity, control logic and data may be provided 
to or from disk drive 4. In the preferred embodiment, each RSM 3 may contain a controller (not 
shown) on the bottom of board 25 which in connected to each disk drive 4 through ports 50. The 
10 controller may preferably control the control logic functions of each drive and the READ and 
WRITE functions of each drive through port 50. 

[0049] As illustrated in Figures 4 and 5, board 25 preferably contains a latching 

mechanism 51 which is preferably configured to engage a suitable latching mechanism (not 
shown) in docking port 9 (see Figure 1) of cabinet 1 when RSM 3 is slid into bay 16. Board 25 

15 preferably contains an electrical connector 52 which is preferably configured to engage a suitable 
electrical connector (not shown) in docking port 9 (see Figure 1) of cabinet 1 when RSM 3 is slid 
into bay 16. In the preferred embodiment, electrical connector 52 is a plug-in connector that 
allows electricity, control logic information and READ/WRITE data to be transferred between 
RSM 3 and docking port 9. 

20 [0050] As illustrated in Figures 3-5, in the preferred embodiment, disk drives 4 are 

mounted side by side in two rows 41 . Preferably, disk drives 4 are mounted with their power and 
control connectors (not shown) facing downward to engage plug 50. Plug 50 preferably contains 
an engaging portion 53 which engages power and control connectors (not shown) of disk drives 
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4, and a shoulder portion 54 upon which disk drives 4 may rest. As shown in Figure 3, disk 
drives 4 are further preferably mounted such that the lateral surface 42 of disk drive 4 faces 
outward for each row 41 . 

[005 1 ] The arrangement of the present invention enables maximizing the number of disk 

5 drives that can be effectively used in a rack or cabinet configuration. The technique of the 
present invention is extendable in both vertical and horizontal directions to optimize packing 
density of disk drives at a higher volume level. The present invention allows a user to save floor 
space while obtaining a high volume storage system. The present invention eliminates the need 
for a technician to individually connect or wire each disk drive and also enables easy and 
10 convenient serviceability of the disk drives 4. The present invention allows replacement of 

individual failed disk drives without disturbing the other disk drives in the storage system or the 
RSM and hence, without impacting the security of the majority of the data contained in the 
storage system. 

[0052] Although the present invention is illustrates a single column of RSMs 3 in cabinet 

15 1, cabinet 1 may contain a plurality of columns in which a plurality of RSMs 3 are held on the 
same elevation or row. Furthermore, an RSM 3 may be oriented in cabinet 1 in any direction, 
such as vertical, as shown in Figure 1, or in a flat or horizontal manner (not shown). The 
horizontal orientation may be used with a cabinet having a plurality of columns, forming rows of 
RSMs 3. The RSM may also be configured to slide sideways in cabinet 1 with a longitudinal 
20 side, top side or a bottom side of RSM 3 entering cabinet 1 first. 

[0053] The foregoing description of the invention is intended to only illustrate exemplary 

embodiments of the invention. Those of skill in the art will appreciate that there are many minor 
alterations to the disclosed exemplary embodiments within spirit and scope of the invention. For 
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example, although the present invention has been described in connection with disk drives, those 
of skill in the art will appreciate that the present invention may be suitable for any type of storage 
device, including optical disc drives, such as CD-ROM drives, CDRW drives, DVD drives and 
writeable DVD drives, as well as tape drives. Also for example, although the a typical disk drive 
5 fits in a 3 1/2 inch form factor, the present invention is not limited to any particular form factor of 
disk drives and disk drives with other form factors may be used. Furthermore, one or more fans 
may be used with cabinet 1 to provide additional airflow throughout the cabinet to cool the 
storage devices. 
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